Introduction: Working in a noisy environment is a risk for employee hearing health. Standard threshold shift (STS) can be used as a screening method to detect early indications of hearing deterioration. Objective: To investigate health effects related to STS in motor compressor workers. Methods: A cross sectional study of 464 motor compressor workers was conducted including hearing health examination by audiometer, and noise level in the workplace was monitored. Workers who reported having hobbies relating to noise, e.g. gun shooting, or a personal history of disease relating to the ear were excluded. The relationship between health effects and workers with STS was studied. Results: There were more men 81.90% (aged range 31 -40 years old) than women working for the company. The average continuous noise level in the workplace was 84.14 ± 5.21 dB(A). The study showed that working at the factory for more than 14 years (OR= 3.84, 95%CI 1.54 -9.56) and being exposed to noise at least 8 hours a day (OR = 2.12, 95%CI = 1.02 -4.40) effected to STS. Workers with STS showed significant communication difficulties (OR = 1.89, 95%CI = 1.03 -3.49) and stress/nausea more than workers without STS (OR = 1.54, 95%CI = 0.90 -2.65) although not statistically significant. Conclusions: Workers exposed to continuous noise in the motor compressor industry are at risk of STS. Duration of exposure to noise is a key factor in respect of harm to hearing health. STS could be used as a tool to screen workers who have hearing health problems.
INTRODUCTION
Occupational noise exposure and noise-induced hearing loss (NIHL) have been recognized as classical problem among workers working in industries. NIHL occurs due to hair cell damaged which is irreversible. NIHL is generally observed to affect a person's hearing sensitivity at higher frequencies, especially at 4000 Hz [1] . When workers are exposed to noise, it is difficult to detect NIHL symptoms or health related NIHL until symptom manifests. So, screening tests will be useful to detect any early symptoms and to prevent problems from worsening.
A screening test is a preliminary test purposed to prevent occupational diseases. Standard threshold shift (STS) could be used as a technique to screen a person who has a hearing problem as it defines a change in the hearing threshold relative to a baseline audiogram of an average of 10 dB or more at 2 kHz, 3 kHz, or 4 kHz in either ear [1] . It is therefore different from noise induced hearing loss (NIHL) because the baseline will change in both ears. levels ranging from 80 -90 dB(A) were at risk of noise induce hearing loss and STS. Health effects could be presented in a worker who has STS.
In the present study, workers in a motor compressor factory have been employed to participate in the project purposed to study the association between 1) exposure to noise and STS, and 2) workers who experience STS and health effects.
MATERIALS AND METHODS

Study Design and Setting
A cross sectional study was conducted in March-April 2011 at a motor compressor factory. The factory produced compressors for fridges and parts for air conditioners. Processes of motor compressor production shown in Appendix 1.
Of 464 workers, those who had been working for the company for at least 6 months and had results from hearing tests take over the past 2 consecutive years were selected to participate the project.
Secondary data for hearing tests carried out by audiometer on workers over the past 2 years were used to study STS, self-administered questionnaire, and noise level measurements were also used in the study. Most of the workers have only a day shift that runs for about 12 hours (routine work 8 hours and overtime 4 hours) , and the workers spent 8 -12 hours working in a noisy environment.
Subjects were excluded if they had hobbies or habits related to noise, e.g. disco pub, shooting, or those with personal diseases e.g. tuberculosis, mumps or any previous ear related accidents. Workers who showed a change in hearing threshold relative to a baseline audiogram of an average of 10 dB or more at 2 kHz, 3 kHz, or 4 kHz in either ear were defined as a worker with STS. The example of STS calculation was shown in Appendix 2.
Participants were provided with assurances of confidentiality and the objectives of the study were explained and an informed consent form was signed prior to administering the questionnaire. The study was approved by the Ethics Committee of the Faculty of Medicine, Srinakharinwirot University, Thailand.
Questionnaire
Of 464 workers were asked to do self-administered questionnaire. They were asked about personal information, work history, health status, behaviour on using personal protective equipment, hobbies and health effects of exposure to noise in the workplace.
Noise Monitoring
Noise levels in a motor compressor factory were measured by sound level meter model sound track LXT#1 serial number 0001029.
The level of noise was measured for each production process. The sound level meter was calibrated before sampling using a calibrator model Larson Davis model CAL 250 # 2820.
The pattern of noise level monitoring in the workplace is shown in Appendix 3.
Data Analysis
Statistical Analysis of data was carried out using SPSS. Descriptive analysis was used to describe characteristic of study populations, work duration, duration of noise exposure in each day and the levels of noise in the workplace.
Binary regression analysis was used to study the association between change of STS baseline and personal factors, duration of exposure to noise, work duration for the company, and association between STS and health effects. Workers with STS and heath symptoms e.g. headache/dizzy, stress/nausea, loss of concentration and difficulty in communication were studied. Adjusted odds ratios, 95% CI were reported.
RESULTS
Population Characteristics
The study population consisted of 464 workers aged between 20 -60 years who had completed an audiogram examination over the past 2 years and were not exposed to excessive noise as a result of hobbies or ear related disease.
The study population consisted mainly of men aged 21 -40 years and most of them had been working in the factory less than 5 years. Most the participants worked for the company 1 -5 years and were exposed to noise more than 8 hours per day. The education levels of workers were primary school level and vocational or college level. The characteristic of participants is shown in Table 1 .
Noise Levels in the Workplace
The present study monitored noise levels in the workplace by sound level meter. The highest noise level in the workplace was 97 dB(A) and the lowest noise level was 66 dB(A). The average noise level in the production department was 84.14 ± 5.21 dB(A). Workers were exposed to noise in the workplace more than 8 hours per day. The noise levels on the production line are shown in Table 2 .
Relationship between Personal Factors and STS
Hearing examination results showed STS among 51
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Health Effect and Change of STS
Workers that reported STS were selected to study any related health effects of STS and analysed by logistic regression analysis. The relationship between workers with STS and health effects presented headaches/dizziness (Adj. OR1.78, 95%CI = 0.50 -6.32), stress/nausea (1.54, 95%CI = 0.90 -2.65) and loss of concentration (0.60, 95%CI = 0.30 -1.21) but this was not found to be significant compared to workers without STS. Workers with STS showed they had statistically significant communication difficulties compared to workers without STS (1.98, 95% CI = 1.03 -3.49), data shown in Table  4 .
Health effects of workers with STS were also studied when they were not at work. The results showed that workers with STS had no significant health effects while not at work compared to workers without STS. However, workers with STS presented headaches/ dizziness (Adj. OR = 2.95, 95%CI = 0.84 -10.42), stress/nausea (Adj. OR = 1.25, 95%CI = 0.58 -2.68) and communication difficulties (Adj. OR 1.30, 95%CI = 0.59 -2.86) while they were off work. The results are shown in Table 5 .
DISCUSSION
The questionnaire had a high response rate and audiogram data from physical examinations conducted by the factory was available for the past 2 years. This data was then used to calculate STS and the noise levels in the workplace were monitored while the research was taking place. Given the information and data available bias in this study is considered unlikely.
The present study found a correlation between health effects related to STS and exposure to noise for duration of 8 or more hours a day. The data reveals interesting health effects between workers with STS compared with workers without STS, although the health effects were generally nonspecific and therefore could be linked to other conditions. Some studies show an association between noise exposure and hypertension, impaired fasting glucose and diabetes even when the noise level was not high [2, 3] . Our study confirmed workers within a noisy environment are at risk of STS and related headache/nausea, stress/ dizziness, loss of concentration and having communication difficulties.
Most workers in the motor compressor factory were men because the factory is related to auto part assembly and the parts are quite heavy. The study showed that workers with low education were more susceptible to STS than workers with high education. This may because workers with high degrees can choose jobs with more favourable working conditions while workers with low education cannot.
Factors Related to STS
Previous studies showed factors related to hearing loss are duration of exposure to noise, cigarette smoking and noise levels in the workplace [4] [5] [6] [7] . Long durations of exposure to noise have been shown to damage hair cells and continued exposure to noise could lead to irreversible hair cell damage. Accordingly, workers frequently exposed to noise should be provided with noise hearing protection.
From the study, gender does not appear to be an influential factor of developing STS although it should be noted, most the workers in the motor compressor factory were men. While education level was not a statistically significant factor relating to STS this may be because the participants had graduated from primary school and high school or vocational courses and few of them had a high level of education. As above duration of exposure to noise in the workplace appeared to influence STS in workers consistent with the fact STS is a typical occupational problem among workers in a noisy environment. Workers in noisy environments invariably present noise induced hearing loss [8] [9] [10] [11] [12] .
Health Effects Due to STS
The study demonstrates an impact from noise on health both inside and outside the work place. The impact of noise on health was significant for workers exposed to noise for long durations which is not surprising because noise has been found to cause noise induced hearing loss and harm hair cells in previous studies.
Workers exposed to noise for more than 8 hours a day or who worked in the factory for more than 14 years show a significant risk of health effects. The company should therefore have a noise hearing conservation programme for those employees who are exposed to noise for long durations or work at the factory for a long period of time even if symptoms are not yet considered serious due to the likelihood symptoms will worsen over time.
Workers with STS reported heath symptoms, e.g. headache, dizziness, or nausea. These workers were exposed to noise more than 8 hours a day. Such workers may have to shout due to hearing problems and noise in the work place creating additional difficulties in their environment which could lead to stress. Although not statistically significant it is also worth noting symptoms reported by workers exposed to shorter durations of noise (i.e., less than 8 hours per day). This may indicate even shorter durations of exposure to noise can be harmful to health. Indeed, ISO Models predicted exposure to noise from 10 years could be harmful to hearing health [13] .
Hearing health may be affected by exposure to either high noise level or continuous noise level. Regression analysis showed an association between STS and noise exposure, and STS and health effects such as stress/ nausea and communication problems.
From previous studies, workers in a noisy environment suffered from annoyance, sleeping disturbance, stress, depression, and fatigue adversely affecting quality of life [14] [15] [16] .
Regression analysis showed a positive correlation between duration of exposure to noise and negative health effects. One potential solution would be to operate a rota system where employees spend less hours in a noisy environment in addition to being provided with PPE at work. Previous studies showed workers exposed to noise often manifests as hypertension, tachycardia, increased cortisol release and increased physiologic stress [17, 18] . Results from this study are consistent with previous studies that exposure to noise can have adverse effects on health and STS screening would be a useful indicator for early detection.
Workers who have been diagnosed with STS will benefit from early detection if they are transferred to work in environments where there is less noise.
STS Screening tests will help increase workers awareness of related health effects which may motivate them to wear the correct protective safety equipment.
Limitations of the Study
The number of workers suffering adverse health effects due to STS was lower than expected but this may be due to a healthy worker effect bias.
CONCLUSION
Working in a noisy environment is thought to put workers at risk of STS and related health problems. STS screening tests will be beneficial for employee health as it will provide an opportunity to identify those affections and to take the necessary steps to prevent further deterioration and the resulting negative health effects. Workers exposed to noise for more than 8 hours a day should be provided with appropriate hearing protection.
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